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(54) Title: MODIFICATION OF ZEOLITES 
(57) Abstract 

A method for the modification of the framework structure of a zeolite comprises treating the zeolite with a solution 
in an organic solvent of a compound of an element capable of structural remplacement of aluminium in the framework, 
the aluminium-replacing element being selected from, for example, boron, tin, silicon, titanium, germanium, gallium, 
phosphorus, beryllium and magnesium preferably in the form of their halides or organometallic compounds. Typical com- 
pounds are BCI3, BBr3, SnCU, SnBr^, Snl4, SiCU, Sil4, TiCU, GeCl4. GaCl4, PCI5, BeCl:, MgCl: and beryllium diphcnyL 
In a preferred embodiment the zeolite is reacted with silicon tetrachloride in carbon tetrachloride under reflux. However, 
the reaction time can be reduced by utilizing a solvent which has a molecular size which prevents it entering the channels 
of the zeolite, one such solvent being tetracthoxysilane. 
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Several methods have been proposed but, principally for 
reasons of cost, the preferred methods an based on the following 
chemical process: 

exchange • calcine SOQOC 

with NHJ ^ under steam 

5 that Is, the hydrogen (H*) form Is made by calcination of the 

ammonium (NH^) exchanged f-^rm In Che presence of steam at 
high temperatures. This results In some of the aluminium atoms 
leaving the framework and being deposited in the channel network 
as extra -framework aluminium. The vacancies are filled by atoms 

10 * of silicon diffusing from other parts of the crystallites. 
Obviously the net result is the production of a partially 
crystalline material along with some amorphous material and the 
Introduction of some mesopores into the system. The resulting 
material, however « Is an excellent selective catalyst. 

13 The other methods which can be used to increase the silicon 

to aluminium ratio are (a) extraction of aluminium by EDTA 
(ethylenedlaminetetraacetlc acid) (b) acid treatment and (c) use 
of silicon tetrachloride vapour. EP-A-82211 describes the use of 
an aqueous solution of a fluorosilicate to replace aluminium with 

20 silicon In the framework. The use of the SlCl^ vapour, as 
described for example In EP-A-62123 and EP-A-72397, has some 
useful effects. The vacancies in the framework, produced by the 
extraction of aluminium, are healed by silicon atoms from the 
tetrachloride, and, the aluminium removed from the framework Is 

25 converted to Its volatile trichloride effecting removal from the 
system. However, problems associated with the vapour phase 
process arc (a) the cost of the silicon tetrachloride, (b) the 
high, temperature required, and, (c) the potential danger of 
collapse of the structure of the framework unless the temperature 

30 is strictly controlled. 
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Thc selection of the solvent Is not critical. Solvents, 
and solvent mixtures, of small molecular size, such as carbon 
tetrachloride and ethancl, are suitable but the reaction may be 
accelerated by the use ot a solvent of a molecular size which is 
5 too large to enter the channels of the zeolite, one particularly 

preferred solvent for this purpose being tetraethoxysllane 
[CjH^O^Si]. 

The temperature of tae treatment is not of critical 
importance but would normally be carried out at the reflux 
10 temperature of the solvent in order to niinimise the treatment time. 

The method of the invention may include a pretreatment step 
in which the zeolite is treated with acid to effect a desired 
degree of dealumination, prior to treatment with the advent 
solution compound of the aluminiuo-replaclng element. Since the 
15 degree of dealumination with acid la restricted only by the need 
to maintain the Integrity of the zeolltic structure, the use of 
the acid pretreatment step enables the production of zeolites with 
very high silicon to aluminium ratios. 

Aa well as Increasing the thermal stability of the zeolite 
20 increase of the aillcoo to aluainiua ratio Improves the Bronsted 
activity of the OH groups which remain in the dealumlnated 
framework. 

The invention will now be described, by way of Illustration, 
in the following Examples. 

25 DCAMPLE 1 


About 1 gram of NaT zeolite was calcined in a muffle furnace 
at 600*^0 for a few hours. The zeolite was then cooled to 
80-lOO^C In a desiccator and 25ml of carbon tetrachloride 
(CCl^) was then added with continuous stirring to form a 
30 slurry. Various amounts (0.10 to 0.77ml) of silicon 
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TABLE I 

Sample SlCl^ Reflux AI Na AI Collapse 


No. added(ml) T°C; omol/g mmol/g /u.c* T°C 



CSO. 10/58 

0.10 

jcjy 

9 

^ • 7 J 

A « 7^ 


1 m 7 

5 

CSO.20/58 

0.20 

58-59 

2.97 

2.89 

50.1 

1014 


CSO .33/58 

0.33 

58-59 

2.79 

2.83 

46.8 

1023 


CSO.40/58 

0.40 

58-59 

2.84 

2.86 

47.5 

1015 


CSO. 77/58 

0.77 

58-59 

2.86 

2.82 

47.3 

993 


CSO. 10/76 

0.10 

76-77 

2.98 

2.94 

49.5 

984 

10 

■CSO. 27/76 

0.27 

76-77 

2.78 

2.72 

45.8 

1009 


CSO. 33/76 

0.33 

76-77 

2.71 

2.61 

45.3 

1021 


CSO.77/76 

0.77 

76-77 

2.74 

2.64 

44.8 

1007 


Starting Material, 

NaY 

3.28 

3.11 

56.1 

933 


* based on total AI present - 192 AI sites In unit cell (u.c.) 
15 BCAMPLE 2 

The same procedure as described In Example 1 vaa used 
except that 15ib1 of CCl^ and 0.3ml SlCl^ were refluxed with 
NaT zeolite with different water content at S9°C for 20 
minutes. The results are given la Table II below. 

20 TABLE II 

Sample Water AI :ia AI Collapse 

No. eontent/u.c. mmol/g macl/g /u.c. T°C 


CS (1) 11 

CS (2) 30 

25 CS (3) 23 

CS (4) 39 

0.3 CSH 245 


2.96 2.89 

2.90 2.91 

2.90 2.89 

2.90 3.01 

2.47 2.38 


49.9 1002 

48.4 1015 

48.7 1013 
48.1 1008 

39.8 998 
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. ,«lbed in Example 1 above. 20ml of 
Usin. the 7 „.,..e3 wi.. different 

CCl and 10«1 Sia^ were refluxed 
Zln.c forms ac U^C for one hour. 

TABLE III 


Sample 

LIY 600* 
NaT 600 
KY 600 
CsY 600 
BaY 600 

2LaX 
CaY 600 


Cationlc 
form 


Ll 

3.01 

Ma 

2.70 

K 

2.89 

*« 

Ca,Na 

3.12 

*« 

Ba,Na 

3.09 

«* 

La.Na 

2.84 

** 

Ce.Ha 

2.91 


Al Na /other 
mmol/g cation mmol/g 


2.66 
2.64 
2.71 
3.11 
2.32 

1.71/0.66 
1.77/0.69 


Al 
/u.c 

49.0 
44.5 
47.1 
52.4 
50.0 
•52.0 
53.7 


« zeolite I calcined at 600°C 
** 16 Na* in small cages. 


Collapse 


1001 

1030 

1015 
996 
982 
956. 
978 


20 


4- ^-flcrlbed m Example 1, 30ml 
l.^t.dr.«.«».30..0..O0.1..«.. 
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TABLE IV 


Sample Reflux Al Na Al Collapse 

No. Time (adn) nanol/g mmol/g /u.c. T^C 


SO.50/57 30 2.31 2.24 37.5 1031 

5 SI. 0/57 60 2*33 2*20 37.0 

SI. 5/57 90 2.32 2.25 37.3 1041 

SSO. 5/1.5 30 2.16 1.93 33.2 1070" 

Samples SO. 50/57, SI. 0/57 afld SI. 5/57 were mixed with 15ml SlCl^ 
and refluzed at 57^C for 30 minutes Co produce sample SSO.5/1.5. 

10 EXAMPLE 5 

Using the procedure described In Example 1, 15ml of SI Cl^ 
were refluxed with zeolite produced from Example 1 (Sample Kos. 
CSO. 10/58 + CSO. 20/58 + CSO. 10/76) at 57®C for 30 minutes. 
Four cycles were carried out. 

15 The resxilts are given In Table V below. 

TABLE V 

Sample Beflux Al Na Al Collapse 

No. Cycle mmol/g mmol/g /u.c. T C 

S 1 2.09 2.04 33.4 1036 

20 SS 2 2.00 1.81 30.6 1063 

SSS 3 1.83 1.66 27.8 1078 

SSSS 4 1.81 1.62 27.4 1073 

Starting material dealumlnated zeolite 49*6 
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f 4flfra-red characterisation 
results of intra 1=" 
Table VI reports the diffraction studies. 

3..dies and Table VII ^^^ ^ ]J .f the «oUte I 
conflnnin. the increase of the 
f taaewotk . 


Double Rings 


20 


25 


30 



SI. 5/57 
SSO.5/1.5 


CSO.33/57 
CSO.77/57 
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EXAMPLE 6 

Table VIII below reports the products (In aodlum form) 
resulting from the detluminatlon of sodium Y zeolites by SlCl^ 
In the solvent tetraethoxysllane [(C^E^Q)^Sl] (TES). The 
5 methods used were as follows: 

Method A (Sample STES NaT) 

About 1 gram of sodium Y zeolite [2Y(H)] was calcined at 
600*^C and allowed to cool in a desiccator. 25ml of TES were 
added to the zeolite followed by 1ml of SiCl^. The mixture was 
10 ^ refluxed for one hour. 

Method B (Sample STES DY) 

The method was as described under Method A above but sodium 
Y zeolite [ZY(D)] was used. 

>fethod C (Samples STES DY 0.5; STES DYl; STES DY2 and STES DTISB) 

*15 About 19 grams of sodium Y zeolite (ZY[D]) was cslcined at 

eOO^C and allowed to cool in a desiccator. 45 ml of SiCl^ 
were added to the zeolite with constant stirring for 1*2 minutes 
follwed by 70ml of TES. The resultant slurry was refluzed for 18 
hours. Zeolite slurry samples were withdrawn after 30 minutes ^ 

20 one hour, two hour and 18 hour intervals. 

From the results reported in Table VIII below, particularly 
the results of Method C, it csn be seen that dealumination is 
substantially complete within the first 30 minutes of reaction 
time. These samples all showed very good crystallinity ; as good 
25 as the starting aodiua Y zeolite. 
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Saople 

Beflus 

No. 

T-'C 


ISTES NaT 

110-116 

ISTES DY 

103 

STES DT 0.5 

80 

STES DX 1 

78 

STES DY 2 

78 

STES Dt 18B 

78 



22.76 

22.92 

21.15 

21.28 

20.89 

21.32 


3.02 

3.02 

2.28 

2.28 

2.46 

2.28 


3.17 

3.07 

2.07 

2.09 

2.05 

2.07 


Sl/Al 
ratio 

2.87 

2.88 

4.43 

4.41 

4.05 

4.41 


10 


IS 


Al/u.c 


Collapse 


ISTES NaY *9.6 

ISTES DY *5-5 

STES DY 0.5 35.4. 

STESDYl 35.5 

STES DY 2 38,0 

STES DY 18B 35.5 


991 
999 
1052 
1052 
1050 
1010 


Lattice 
Constant A 



24.34 
24.36 

24.36 


20 


25 


. tin sodium form) resulting from 

'^/r tr. > . 

the dealumlnation of aooi™ . 
CjHjOH solvent alxture. 

...... « . » .,U0«. 

1^ iBi of sia^. 
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mlnutes when 12 .^ml of ethanol were Introduced. Befluzlng at 
63^C was continued for a further 30 minutes. 


TABLE IX 


Sample No. 

1 CSEtNaT 

Befluz 

56/63*0 


22 .122 

Al 

2.9'»aimol /g 

22 

Na 

2.97iimol/g 

Sl/AI ratio 

3.04 

AI/u.c. 

47.5 

Collapse 

994°C 


EXAMPLE 8 

(able X below reportrs the products (In sodium form) 
resxiltlng from the dealumlnatlon of sodium 7 zeolites by 
15 SlCl. /ethanol solutions. 


Sanple 
No. 

Reflux 

TABLE 

Z 

X 
Al 

mol/g 

■DOl/g 

si/a: 

ratli 

SEtDT 0.5 

70 

22.41 

2.72 

2.68 

3.39 

SZtDY 1 

70 

22.46 

2.71 

2.69 

3.40 

SC.SEtDY 0.3 

70 

22.21 

2.60 

2.60 

3.62 

S0.5EtOY 1 

70 

22.47 

2.62 

2.48 

3.58 

5S5EtDT 

78.9 

21.73 

2.76 

2.78 

3.33 

lOSlOEcOT 

78.3 

22.09 

2.81 

2.79 

3.23 

lCSEt5NaT 

75.2 

22.34 

2.79 

2.65 

3.29 

SEtNaT 

57/74 

19.79 

2.81 

2.80 

3.39 

ISEtNaT 

57/74 

23.24 

2.88 

2.87 

3.07 

SEtG 

57/74 

21.31 

2.65 

2.49 

3.60 
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10 


Sample 
No. 

SEtDT 0.5 
SEtDY 1 
SO.SEtDT 0.5 
SO.SEtDT 1 

5S5EtDY 

lOSlOEtDt 
ICSEtSHaY 

SEtNaY 
ISEtNaY 
SECG 


Al/u.c. Collapse 


43.7 

1014 

A3.6 

1019 

41.6 

1027 

41.9 

1028 

44.1 

lOlT 

45.2 

1007 

44.8 

1006 

43.7 

990 

47.2 

1001 

41.7 

1030 



(Sa«pl.3 SEtDX0.5.ndSEtDIl) 

il/«.c.i nfl) " 20 ^ ,« SiOj «r. " 

Ulo..d to cool 10 . .«o...lv. 

■ ..i th. ca» hour. .. 

cr.rro/rr.-.-"---"-'-"' 
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contact time of the zeolite and SlCl^ was Increased to 15 
minutes. 

Method (111) (Sample 5S5FtDY) 

About 5 grama of sodium Y zeolite (ZYtD]) was calcined at 
5 600*^C for a few hours and cooled In a desiccator. 5ml of 

Sia^ were added to the zeolite and stirred for 5 minutes. 
50ml of ethanol were then added to the slurry and refluxed for one 
hour. 

Method (Iv) (Sample lOSlOEtDY) 

10 The method was the same as Method (111) above except that 

10ml of SlCl^ were used and the SlQ^-zeollte contact time was 
Increased to 10 minutes. 

Method (v) (Sample ICSZtSNaY) 

About one gram of sodium Y zeolite (2Y[H]) was calcined at 
15 600^C for a few hours and' allowed to cool In a desiccator. 

About 1ml of Sia^ was added to the zeolite and stirred for 5 
minutes. 25ml of ethanol were then added to the slurry and 
refluxed for one hour. 

Method (vl) (Sample SEtNaY) 

20 About one gram of sodium Y zeolite (2Y[H]) was calcined at 

600°C for a few hours and allowed to cool In a desiccator. 
About 15al of SIQ^ were added to the zeolite and refluxed for 
30 minutes. The zeolite slurry was then centrlflged to separate 
the solid and liquid phases. The zeolite was washed with three 

25 auccesaive 10ml portions of CCl^. About 25ml of ethanol were 
added to, the zeolite and refluxed for 15 minutes. 
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^jethodjviil (Sample ISEtNal) 


Method (VI) except that 1ml of 
Sia, and Una of ca, we.-e used In 


Mechodjvllli (Sample SEtG) 


V J ^«^'> except that 10 grams 
wexe used. 


10 


IS 


20 


nrta the products resulting from the 
table XI helov «P-" ^ ,„at«nt vlth 

a^lundnation of sodlu. I "elites f 
various ndxtures including SiQ, as a c P 


Sample 
No. 


Temperature C 
Preheat Beflux 


Al 


22 


Ma 


Sl/Al 


^ol/g nu»ol/g ratio 



HCS32 100 39 
HCS16 100 59 


18.67 
17.52 


2.11 
1.25 


2.12 
1.27 


5.05 
9.61 
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Me thod III - STES SERIES 


STES 

NaT 

300 

71 

21.78 

2.96 

3.05 

3.02 

STES 

H48 

300 

71 

21.58 

2.66 

2.76 

3.53 

STES 

H40 

300 

69 

20.24 

2.44 

2.51 

4.07 

STES 

H32 

120 

69 

16.64 

2.19 

2.21 

4.97 

STES 

H24 

120 

67 

17.27 

1.74 

1.88 

6.52 

STES 

HI6 

120 

69 

16.05 

1.38 

1.45 

8.74 


TABLE XI (continued) 

Sample AI/u.c. Collapse 
10 No. T^C 


Method 

I • 

- CSH 

SEBIES 

CS4 


48.4 

1008 

CSH48 


40.0 

1021 

CSH40 


36.2 

1031 

CSH32 


31.6 

1023 

CSH24 


25.1 

981 

CSE16 


19.2 

990 

Method 

II 

- HCS 

SEBIES 

HCS32 


31.7 

1021 

HCSI6 


18.1 

1014 

Method 

III - STES SEBIES 

STES NaT 

47.8 

993 

STES H48 

42.4 

1001 

STES H40 

37.9 

1013 

STES H32 

32.2 

991 

STES H24 

25.3 

949 

STES HIS 

19.7 

931 
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. lite IS -de by treatment of sodium Y 
Tbe dealumlneted zeoll e ^^^^^^^^ ,,.3 not occur 

zeolite with 

eh. PH of th. acid .,^.„ .h.. 

a„l»l..tl» occur, .t PH 1. Thi. 

^..i-"""-";^ (do. to .cc«i.«. 

c„„,Ui.. th.« 

1. th. .ttact«r. ) "i » ° i„„rtloo of 

silicon into the zeolite » 
theraal atabilltj- 

^rh Sia vaa b, three different methoda. 
The treatment with Sia^ «a3 

Method^ •• "HJBiH 

14 1.- (hv HCl treatment) 

tefluxed for 30 minutes. 
Method^ - HCS SERIES. 

Method I above except that 
procedure was the same as Method 
^ of Sia. «se used. 
lOal of Ca^ and 5ml of 

MethodHl - STES SEBlES 

14^. rbv HQ treatment) 

0.. ... of 1 j;^ ... d.M.»^ 

„ .odfu. fox. <.. " "^t^lo^cl 300'C, for • «« 


20 
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then mixed with 3al of Sid^ with constant stirring for 5 
minutes, 20ml of TES was added to the slurry and refluied for 
one hour. The highly dealumtnated samples (those with fewer than 
32 atoms of aluminium per unit cell) had poor crystalllnlty . 
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CIAIMS 


1. 


2. 


3. 


^.ificatlon of the fraaework structure 
, „«thod for the „oUte vlth a 

«nt. conprisms treating ^ . „f -n element 

of a zeolite, co v ^ compound of an ex 

solution m an organic solv ^^^^ 
capable of structural replacement 
framework. 

1 1 1 m which the 

silicon, titanium, g«n» 
aluminium and magnesium. 

2 in which the 
1 or daia *» *** 

said compound la m-^" 
replacing element. 

SlCl^, SII4. Ai**^*' *» 
Aia, an<i MgClj. 

. t.lm4 m which the halld. IS 

silicon tetrachloride. 

1,4 « 2 m which the 

.^thod a. dal^d i^^^'^'^'^'Z 
nd i. an organometalllc compound, 
gaid compound is an o s 
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7. A method as claimed In claim 6, In which the 
organometalllc compound la beryllium dlpheayl* 

8. A method as claimed lo any preceding claim, ta which the 
organic solvent Is carbon tetrachloride or ethanol or a 
mixture thereof* 

9. A method aa claimed In any of claims 1 to 7, In irtilch 
the solvent Is an organic liquid having molecules which are 
too large to enter the channels of the zeolite* 

10. A method as claimed In claim 9, In which the solvent Is 
tetraethozyallane* 

11. A method as claimed In any preceding claim. In which the 
zeolite Is selected from Erlonlte, Beta, ZSM-5, ZSM-11, 
Mordenlte, Chabazlte, and Offretlte. 

12* A method as claimed In any preceding claim, In which the 

treatment carried out under solvent reflux conditions. 

13. A method as claimed In any preceding claim. In which the 
zeolite Is pretreated with acid to remove aluminium 
therefrom* 

14. A method of thermally cracklog petroleum hydrocarbons 
characterised In that said cracking Is conducted In the 
presence of a modified zeolite; said zeolite being the 
product of a process as claimed In any of the preceding 
claims. 
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